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SOURCES OF COAL RESERVE DATA™

Diane Skolits and Russell Lee

OVERVIEW AND ACKNOWLEDGMENTS

This report is a partially annotated bibliography of sources of coal
reserve data and information for the United States. It draws upon other
bibliographies, the most significant of these being:

Averitt, P., Selected Summary Reports on United States and World
Coal, Unpublished, U.S. Geological Survey, 1981.

Energy Information Administration, Demonstrated Reserve Base of
Coal in the United States on January 1, 1979, DOE/EIA-0289 (79)
U.S. Department of Energy, Washington, D.C., 1981.

ICF Incorporated (Principal Investigators: Eyster, J. M., Klein,
D. E., Walton, D. R.), Coal Resource Information, Volume 2, Part 3:
Bibliography, EPRI EA-673, Electric Power Research Institute,

Palo Alto, CA, 1980.

The following computer-retrieval bibliographies were also utilized:

DOE/RECON Energy Database (EDB), U.S. Department of Energy,
Technical Information Center, Oak Ridge, TN.

ORBIT 1V Files: Energyline, NTIS, generated by System Development
Corporation's (SDC) International Search Service, 2500 Colorado
Ave., Santa Monica, CA.

The references are divided into "General Sources," including those
containing data for all or large portions of the United States, and into
individual sections for each state. Items that are parts of recurring
series are identified by an asterisk.

In addition to the above bibliographies, the authors conducted
an independent survey of appropriate data sources and were assisted
considerably by Frank J. Doyle and Thomas K. Matson of Maxima Corporation,
Richard Bonskowski of the Energy Information Administration, and Carl H.
Petrich and Edward L. Hillsman of Oak Ridge National Laboratory. They
reviewed an initial draft of this report and made numerous helpful
comments and suggestions on data sources that were omitted and on the
style and content of the report. Any remaining errors or shortcomings
are, of course, solely the responsibility of the authors.

*
Research sponsored by the Office of Leasing Policy Development and
the Energy Information Administration, both of the U.S. Department of
Energy, under contract W-7405-eng-26 with Union Carbide Corporation.
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Attention was given primarily to those data sources having estimates
of the gquantity and geographical location of coal resources. Studies
that report only on carbonizing properties, preparation characteristics,
sulfur content or other analyses were not included. The report by
P. Averitt, Coal Resources of the United States, January 1, 1974, U.S.
Geological Survey Bulletin 1412, Washington, D.C., 1975, presents not
only a good summary of information on coal quantity and distribution,
but also one on coal classification. Figure 1, taken from the Averitt
report, illustrates the classification of resources based on economic
feasibility and geologic assurance and identifies several of the coal
resource terms used in this bibliography.
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Fig. 1. Classification of coal resources. Source: Averitt, P.,

Coal Resources of the United States, January 1, 1974, U.S. Geological
Survey Bulletin 1412, Washington, D.C., 1975, p. 3.
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SOURCES OF COAL DATA
GENERAL SOURCES

Ashley, G. H., Cannel Coal in the United States, U.S. Geological
Survey Bulletin 659, Washington, D.C., 1918.

Averitt, P., Lopez, L., Bibliography and Index of U.8. Geological
Survey Publications Relating to Coal, 1882-1970, U.S. Geological
Survey Bulletin 1377, Washington, D.C., 1972.

Averitt, P., Coal Resources of the United States, January 1, 1974,
U.S. Geological Survey Bulletin 1412, Washington, D.C., 1975.

The coal resources of the United States remaining in the ground on
January 1, 1974, are estimated to total 3,968 billion tons. This

is a 23 percent increase over previous estimates. The new estimate
is based on detailed published estimates of identified resources in
individual states (1,731 billion tons) and on generalized estimates
of additional hypothetical resources for unmapped and unexplored
areas in these states (2,237 billion tons). The United States
contains about 20 percent of the world's estimated total coal
resources. Based on a uniform Btu basis, coal constitutes 69 per-
cent of the total estimated recoverable resources of fossil fuel,
whereas petroleum and natural gas together constitute only 7 percent,
and oil in o0il shale — which is not currently used as fuel — consti-
tutes only 23 percent.

Previous publications by the U.S. Geological Survey with similar
titles and scope of coverage are: Bulletin 1275 (January 1, 1967),
1969; Bulletin 1136 (January 1, 1960), 1961; Circular 293 (January 1,
1953), 1953; and Circular 94 (January 1, 1950), 1950. The U.S.
Geological Survey is currently working on an update.

Averitt, P., Coking-Coal Deposits of the Western United States,
U.S. Geological Survey Bulletin 1222-G, Washington, D.C., 1966.

Averitt, P., Stripping-Coal Resources of the United States, January 1,
1970, U.S. Geological Survey Bulletin 1322, Washington, D.C., 1970.

Barnes, F. F., Coal Fields of the United States, exclusive of
Alaska-Sheet 2, U.S. Geological Survey Map, Scale 1:5,000,000, 1961.

Bureau of Mines, Reserve Base of Bituminous Coul and Anthracite for

Underground Mintng in the Eastern United States, Report No. BM-IC-
8655, Pittsburgh, PA, 1974.

The coal reserve base is defined for coalbeds having sufficient
thickness for underground mining within a depth range compatible
with economic recovery. The reserve data are compiled by the
Federal Bureau of Mines by updating and reevaluating previous
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estimates of the U.S. Geological Survey, state geological surveys,
and others. Through the application of computer techniques, the
tonnages are compiled by state, county, coalbed, and rank. Coal
reserve base is allotted to sulfur categories by a statistical
apportionment of data from available Bureau of Mines reports and
records. The coal reserve base in those states east of the Missis-
sippi River, minable by underground methods, is estimated to be

169 billion tons in coalbeds greater than 28 inches in thickness to
a maximum depth of 1,000 feet. Excluding those coals in reliability
categories other than measured and indicated, the underground
reserve base includes 162 billion tons of bituminous coal and

7 billion tons of anthracite. Of the total, 27 biilion tons con-
tains 1.0 percent or less sulfur. Most of this low-sulfur coal is
in the southern Appalachian area. Approximately 16 percent of the
underground reserve base is without available analyses. A glossary
of terms applicable to a classification system for coal resources
and reserves is included to provide a common yardstick for deter-
mining coal resources and reserves.

Burness, H. S., The Effects of Uncertainty on the Supply of Coal,
University of Kentucky, College of Business and Economics, Report
No. PB-277227, June 1976.

Cargill, S. M., Olson, A. C., Medlin, A. L., Carter, M. D., PACER:
Data Entry, Retrieval, and Update for the National Coal Resources
Data System (Phase I), Department of the Interior, Washington, D.C.,
1976.

PACER is a set of programs, written in Fortran IV, which has been
developed in response to the need for a computer-based National

Coal Resources Data System (NCRDS). PACER allows the user to enter
data into one of three files, to search for and retrieve records
using specific data elements, and to modify and update existing

data records. All coal resource records west of the Mississippi
River are grouped into WCOAL; those east of the river are grouped
into ECOAL. " Each data record in WCOAL and ECOAL reflects a unique
tonnage estimate of coal resource in a predefined category of
thickness, overburden, and reliability of estimate. The USALYT

file contains published coal analytical data and is structured to

be as compatible as possible with the coal-resource tonnage files;
however, it is not yet been separated into east and west. A detailed
description of the files is accompanied by user documentation for

the use of the data files. A programmer's reference is also included
to facilitate the installation and use of this software system on
other computers.

Carter, L. M., ed., Proceedings of the Fourth Symposium on the
Geology of Rocky Mountain Coal, Colorado Geological Survey Resource
Series 10, 1980.
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12.

13.

14.

15.

16.

Cavallaro, J. A., Johnston, M. T., Deurbrouck, A. W., Sulfur
Reduction Potential of the Coals of the United States (A Revision
of Report of Investigation 7633), U.S. Bureau of Mines Rept. of
Investigations 8118, 1976, 323 pp.

Center for Advanced Computation, University of I1linois, Comparative
Coal Transportation Costs: An Economic and Engineering Analysis of
Truck, Belt, Rail, Barge and Coal Slurry and Prneumatic Pipelines,
Final Report on Contract No. J0166163, prepared for U.S. Bureau of
Mines and Federal Energy Administration, August 1977.

Coal Age, Appalachian Coal Today, Coal Age, v. 80, no. 6, pp. 55-316,
Mid-May 1975.

Coal Age, Western coal, Coal Age, v. 78, no. 5, pp. 58-257, Mid-April
1973.

Collins, B. A., "Coal Deposits of the Eastern Piceance Basin, Mid-
Continent Coal and Coke Co., Carbondale, Co.," Geology of Rocky
Mountain Coal, Murray, D. K. (ed.), 29-44, Geology of Rocky Mountain
Coal, Golden, CO, 1977.

The coalfields of the Eastern Piceance Creek Basin contain a
conservatively estimated 3,129 million tons of bituminous coal and
anthracite. At least 800 million tons are of metallurgical quality.
These coals occur in the Iles and Williams fork formations, which
together make up the Mesaverde group. Rank varies from high-
volatile C bituminous to anthracite and, locally, graphite. While
those coals occurring north of Four Mile Creek owe their rank
entirely to depth of burial, the higher~rank coals south of Four
Mile have been subjected to abnormally high geothermal gradients,
the result of heat from the intrusions of the Elk and West Elk
mountains. The coking quality of the coals, while secondarily
dependent on peat type and swamp conditions, is primarily a func-
tion of rank. Large-scale mining is presently limited to the
coking coals in the southern part of the area. Modern mining in
much of the rest of the region awaits the development of economic
methods to cope with steep formation dips and other geologic
problems.

Comptroller General of the United States, 0.S. Coal Development —
Promises, Uncertanties, Report to the Congress, EMD-77-43, Sept. 22,
1977, 471 pp.

Coal represents 90 percent of the nation's total fossil fuel
reserves. Yet, it currently supplies only 18 percent of energy
needs. The administration proposes to double annual coal produc-
tion to 1.2 billion tons by 1985, up from 665 million tons in 1976.
GAO believes that achieving 1.2 billion tons is highly unlikely —

in fact, it will be very difficult to achieve 1 billion tons annually
by 1985. In this report, GAO summarizes available knowledge on

U.S. coal development and seeks to identify policy issues that must
be considered.
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18.

19.

20.

21.

DeCarlo, J. A., Sheridan, E. T., Murphy, E. E., Sulfur Content of
United States Coals, U.S. Bureau of Mines Inf. Circ. 8312, 1966.

Nearly two-thirds of the total remaining coal reserve of the United

States is low-sulfur coal. Roughly three-fourths of this low-sulfur
coal is low rank (subbituminous and lignite). The preponderance of

low-sulfur coal, on a tonnage basis, occurs west of the Mississippi

River.

Fettweis, G. B., World Coal Resources — Methods of Assessment and

Results, Elsevier Scientific Publishing Co. Developments in Economic
Geology 10, 1979.

Foster Associates, Inc., An Assessment of the Discrepancies in United
States Low Sulfur Coal Reserve Estimates, Prepared for Environmental
Protection Agency, Research Triangle Park, Durham, North Carolina,
Contract No. 68-02-1452, 1976, Volume 1 — Text, Volume 2 — Schedules
and Charts.

General Accounting Office, Tnaccurate Estimates of Western Coal
Reserves Should Be Corrected, Report to the Congress, Washington,
D.C., Energy and Minerals Division, 11 July 1978, 63 pp.

An accurate estimate of coal under federal lease and information

on lessee development plans are essential for supporting coal leasing
policy decisions. Better estimates are needed to relate interior
leasing with the administration's goal of increasing domestic coal
production. Interior's recoverable reserve estimates are based on
general recovery factors, not on detailed, current economic analysis;
using unreliable estimates in enforcing laws would produce inadequate
production controls, increase the chances for speculative holdings,
and be against the public interest. Wide variations existed between
Interior and Tleaseholder estimates; leaseholder estimates were
generally supported better. But many leaseholder estimates were
incomplete because they did not consider all underground coal. GAO
considers neither Interior nor leaseholders estimates accurate or
reliable. No coal was produced before 1977 on most federal leases;
about 212 million tons may be produced annually by 1985.

Gordon, R. L., Schenck, G. H. K., Historical Trends in Coal Utili-
zation and Supply, U.S. Bureau of Mines Open File Rept., 121-76,
1976, 631 pp. (NTIS PB 261 278/AS)

The Bureau of Mines provided a research grant to Pennsylvania State
University to examine in detail the historical behavior of coal
consumption and the forces that are affecting prospective coal use,
and to provide various scenaries of future consumption in selected
markets. The study made three basic contributions in the areas it
treated. First, it consolidated and analyzed available historical
data on the role of coal in the U.S. energy economy. Second, the
proliferation of materials analyzing the forces affecting coal
market developments was synthesized. Third, an effort was made to
delineate possible patterns of future coal use.
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23.

24.

*25.

26.

27.

Hamilton, P. A., White, D. H., Jr., Matson, T. K., Reserve Base of
U.5. Coals by Sulfur Content (in two parts), The Western States,
Bureau of Mines, Information Circ. 8693, Denver, Colo., 1975.

This report delineates the coal reserve base of anthracite,
bituminous and subbituminous coals, and lignite, by mining method
and sulfur content, for coal-bearing states west of the Mississippi
River. The parameters used to establish the reserve base definition
are the result of a joint agreement by the U.S. Bureau of Mines and
the U.S. Geological Survey. The reserve base of low-sulfur coal,
less than or equal to 1.0 percent sulfur, is 167,324.5 million

tons; medium-sulfur coal, 1.1 to 3.0 percent sulfur, is 37,531.5
miilion tons; and high-sulfur coal, greater than 3.0 percent

sulfur, is 11,244.1 millions tons. The reserve base of coal with

an unknown sulfur level is 18,323.0 million tons. The percentages
of deep and strippable coal are 56 and 44 percent, respectively.

The basis for reserve base estimates and analytical data was the
fuels availability system, a Bureau of Mines Data Bank containing
numerous data on fossil fuels. Information contained in the system
was obtained from publications of the Bureau of Mines, U.S. Geological
Survey, state agencies, private publications, and company data.

Hodgson, H. E., ed., Proceedings of the Second Symposium on the
Geology of Rocky Mountain Coal, 1977, Colorado Geological Survey
Resource Series 4, 1978, 219 pp.

International Geological Congress, 12th, The Coal Resources of the
world, Toronto, Canada, Morang and Co., 3 v., 1913.

International Journal of Coal Geology, Elsevier Scientific Publish-
ing Company, vol. 1, no. 1, 1980. Published quarterly.

Kahn, M. H., Hahn, R., Implications cf Ownership Patterns of
Western Coal Reserves and Their Impact on Coal Development, Mitre
Corporation, Report No. MTR-7249, 1976.

Klein, D. k., Revised Coal Resource Estimates — Four Case Studies,
Electric Power Research Institute, EPRI-EA-1360., Palo Alto, CA.

This report presents analyses undertaken to revise coal resource
estimates for modeling purposes. The areas covered herein are in
ICF's Coal and Electric Utilities Model (CEUM). The coal supply
curves are developed as a function of coal reserves and mine-
costing algorithms. The slope and length of the coal supply curves
depend upon the cecal reserve data and the assumptions used to
allocate the reserves across mine types. In CEUM, the source of
the coal reserve data is the Bureau of Mines Demonstrated Reserve
Base (DRB). The DRB is generally considered to be the most compre-
hensive set of coal reserves data available which covers the entire
U.S5. However, it has some distinct characteristics and weaknesses
which 1imit its usefuiness for modeling and forecasting. As a



28.

29.

30.

31.

32.

33.

response to these actual or potential weaknesses in the DRB, this
study seeks to improve upon the coal resource estimates used in the
modeling work. Here, ICF is seeking to refine the shapes of the
coal supply curves as well as to extend them to include less eco-
nomic resources. In refining the shapes of the coal supply curves,
the emphasis is on non-tonnage information; e.g., overburden ratios,
seam thickness, coal quality, etc. In extending the coal supply
curves, the emphasis is on incorporating less desirable and/or
certain resources which are not included in the DRB. Il1linois,
Texas Tignite, Alaska, and Campbell County in Wyoming were selected
as the initial areas for analysis for several reasons. Each area
has large coal resources, and future production from these regions
is highly sensitive to several factors. Production from these
regions also has a major impact on the production from other
regions. Finally, for each area, additional information is known
to be available, which could substantially improve the accuracy
and/or completeness of the DRB estimates.

Kottlowski, F. T., Cross, A. T., and Meyerhoff, A. A., eds., Coal
Resources of the Americas — Selected Papers, Geological Society of
America Spec. Paper 179, 1978.

Land, G. W., Reality of Coal Availability, Amax Coal Company,
Indianapolis, IN, 3 October 1974.

Lee, R., Bradfield, L. D., Howard, B. R., Latham, F. E., Skolits, D.,
Coal Supply Analysis for the Office of Envirowmental Programs

Issues Analysis, Draft Report, Energy Division, Oak Ridge National
Laboratory, 1982.

Luppens, J. A., Exploration for Gulf Coast United States Lignite
Deposits: Their Distribution, Quality, and Reserves, Second
Intern. Coal Exploration Sym., Denver, Colo., October 1-4, 1978,

16 pp.

The total estimated strippable in-place lignite reserves for the
Gulf Coast region are 22.5 billion short tons.

Markon, G., United States Coals in World Markets, U.S. Bureau of
Mines Inf. Circ. 8380, 1968, 87 pp.

Masters, C., Coal Data System: Its Purpose and Value, U.S.
Geological Survey, Reston, VA, Future Coal Supply for the World
Energy Balance, pp. 100-113.

To allow rapid retrieval as well as ease of update and analysis of
data on coal quantity and quality, a computer-based coal-resource
data system has been developed by the branch of coal resources
within the U.S. Geological Survey. Development has been in two
phases to accommodate the availability and complexity of the data.



34. Matson, T. K., Preliminary Estimate of the Demonstrated Regerve
Base of Coal on Indian Reservations, U.S. Bureau of Mines,
Washington, D.C., 1976.

Preliminary estimates indicate that coal in Indian reservations
totals approximately 18.6 billion tons, constituting on the order
of 4 percent of the demonstrated reserve base of coal available for
mining in the United States, remaining as of January 1, 1976. This
estimate is for coal on Indian reservations west of the Mississippi
River; there is no known coal of minable thickness on Indian reser-
vations in the eastern part of the United States. Therefore, the
above estimate would indicate that on the order of 8 percent

of the demonstrated reserve base of coal west of the Mississippi
River lies within the boundaries of Indian reservations. Breaking
this down further, Indian reservations appear to contain nearly

7 percent of the demonstrated reserve base of surface-minable coal
in the west, and 5 percent for the total United States. The com-
parable proportions for underground-minable coal are 9 percent and
4 percent, respectively.

35. Matson, T. K., White, D. H., Jr., Regerve Base of Coal for Under-
ground Mining in the Western United States, U.S. Bureau of Mines,
Washington, DC, and Publications Distribution Center, U.S. Bureau
of Mines, Pittsburgh, PA, 1975.

The coal reserve base in the western United States is presented for
coalbeds amenable to extraction by underground mining methods. The
U.5. Bureau of Mines has abstracted data on the quality and quantity
of coal resources/reserves from numerous state and federal publica-
tions and modified such data as necessary to allow computer storage
and retrieval. Tonnages are compiled by state, county, coalbed,

and rank, and allotted to sulfur categories by statistical appor-
tionment. The coal reserve base in those states west of the
Mississippi River, amendable to underground mining, is estimated to
be approximately 131 billion tons. Of this total, about 30.8 billion
tons are bituminous coal, 100.2 billion tons are subbituminous

coal, and 126.4 million tons are anthracite. Lignite is not
considered for underground mining in this report. Included in this
report is a glossary of terms applicable to a classification system
for coal resources and reserves as jointly defined by the Bureau of
Mines and U.S. Geological Survey. The purpose of this system is to

provide for direct compar1son or compilation of various resource/
reserve data.

*36. McGraw-Hill, Inc., Keystone Coal Industry Monual, New York, McGraw-
Hi11 Mining Informational Services. Published annually.

*37. McGraw-Hill, Inc., U.8. Coal Mine Production by Seam, Keystone
Coal Industry Manual, 1980.



38. McNulty, J. E., Ball, C. G., Coal Reserves: FEstimates, Paul Weir
Company Incorporated, Chicago, Energy Technology Handbook, Considine,
D. M. (ed.), 1977.

Data on the location of U.S. and worldwide coal reserves are given.

39. Muir, W. L. G., Review of the World Coal Industry to 1990, Miller
Freeman Publications Ltd., Circle House North, 69-71 Wembley Hill
Road, Wembley, Middliesex, England HA9 8BL, 1975.

40. Murchison, D., Westoll, T. S., Coal and Coal-Bearing Strata, American
Elsevier Publishing Co., New York, 1968, 418 pp.

41. Murphy, Z. E., Assessment of Coal Resources, CONF-770136, Bureau
of Mines, Washington, DC, Conference on Coal Production, Use, and
Financing, Section 2, Paper 1, Washington, DC, January 25, 1977.

Until recently there had been 1ittle incentive to categorize in
detail our vast coal resources. With increasing limitations being
placed on coal production and use, and with the realization in
recent years that we must expand greatly both production and use of
coal, the need for more detailed appraisals of our coal resources
has become apparent. A new resource classification system adopted
by the Bureau of Mines and the U.S. Geological Survey should assist
both in making these appraisals and in a public understanding of
them. Already, the Bureau of Mines has used this system to classify
coal resources according to geographic distribution; coalbed; and
sulfur, ash, moisture content, and heating values.

*42. National Coal Association, Coal Facts, 1974-1975, National Coal
Association, Washington, D.C., 1975. (Published biennially for
26 years prior as Bituminous Coal Facts).

43. National Coal Association, Coal Data, 1977, National Coal Association,
Washington, D.C., 1979.

44, National Coal Association, imternational Coal, 1973, National Coal
Association, Washington, D.C., 1980.

45. Northern Great Plains Resources Program, Mineral Resources Work
Group Report, 1974.

46. Noyes, Robert, ed., Coal Resources, Characteristics, and Ownership
in the U.S.A., Noyes Data Corporation, Park Ridge, New Jersey,
1978, 346 pp.

47. Parker, N. A., Thompson, B. C., U.S5. Coal Resources and Reserves,
Federal Energy Administration, Office of Policy and Analysis,
Office of Data and Analysis, Office of Coal, Nuclear, and Electric
Power Analysis, Report No. PB-252752, FEA/B-76/210, 1976.
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49.

50.

51.

52.

The extent and quality of coal resources and reserves in the U.S.
are described in this article. Different categories of coal
resources are defined and the extent of coal in each category is
estimated. The content of sulfur in coal is discussed with respect
to environmental standards. Data are presented on coal reserves on
federal and Indian lands, areas containing a large percentage of
the country's reserves. Because coal is the largest fossil fuel
resource in the U.S., its importance will continue to increase.
With 40% of the nation's total coal reserve located on federal
lands, the federal government is expected to play a significant
role in future coal development. A Targe portion of U.S. coal
resources contains too much sulfur to meet environmental regulations.
Improvements must be made in sulfur removal technologies in order
for this nation to fully exploit its extensive coal resources.

Popoff, C. C., Computing Reserves of Mineral Deposits: Principles
and Conventional Methods, U.S. Bureau of Mines Information Circular
8283, 1966.

Rees, P. B., Establishing the Reliability of Deep Coal Reserves,
Sixth Intern. Mining Congress, Great Britain, 1970.

Reese, R. G., Dash, B. B., Hamilton, P. A., Coal Recovery from
Underground Coal Mines in the United States by Mining Method,
U.S. Bureau of Mines Inf. Circ. 8785, 1978.

Rieber, M., Soo, S. L., Stukel, J., Low Sulphur Coal: A Revision
of Reserve and Supply Estimates Appendixz C. Final Report, I11inois
University, Urbana, Center for Advanced Computation, PB-248062,
1976.

Conventionally, the definition of low-sulfur coal, on which tradi-
tional reserve and supply estimates are based, depends only on the
weight of sulfur in a ton of coal. The Btu content of the coal is
not considered. Coal purchases and S0, regulations are based on
Btu content. A recalculation of reserve estimates of low-sulfur
coal on a utility average Btu basis reduces traditional U.S. esti-
mates by over 75 percent and western estimates by almost 85 percent.
When calculated on a Btu basis, maximizing Tow-sulfur coal produc-
tion results in a supply shortage by 1986. The policy implications
for an increased dependence on domestic coal include increased
cleaning of high-sulfur coal and export Timitations on Tow-sulfur
coal in the short-term. In the mid-term, large capital expendi-
tures in processes which reduce or eliminate the sulfur content are
required. These include stack gas scrubbing, gasification and
liquefaction. For the consumer, some of these costs can be offset
by the elimination of the transportation charge differential between
local high~sulfur coal and coal from Wyoming, Colorado, and Montana.

Sanner, W. S., and Benson, D.C., Demonstrated Keserve Base of U.S.
Coals with Potential for Use in the Manufacture of Metallurgical
Coke, U.S. Bureau of Mines Information Circular 8805, 1979.
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Schmidt, R. A., Coal in America: 4w Encyclopedia of Reserves,
Production and Use, New York, McGraw-Hill Book Co., 1979.

Scollon, T. R., "Assessment of Coal Resources," Chem. Eng. Proc.
V. 73, No. 6, pp. 25-30, June 1977.

This paper presents data related to coal deposits in the United
States. The reserve base indicates at least 219 billion tons, or
300 years of coal. At the rate we are using it now, details of
deposit locations and of their usability as an energy resource are
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seam,

3R Corporation, Coal Resource Study for the Tennessee-Tombigbee
Water-way, Final Report, Contract No. DACWO1-78-C-0065, prepared
for Mobile District Corps of Engineers, October 1978, 334 pp.

Trumbull, J. V. A., Coal Fields of the United States, exclusive of
Alaska — Sheet 1, U.S. Geological Survey Map, scale 1:5,000,000,
1960.

U.S. Bureau of Mines, Bibliography of Bureau of Mines Investigations
of Coal and I'ts Products, 1310-60, Inf. Circ. 8049, 1962, 161 pp.;
also 1960 Through 1964 (Spencer, J. D., Gilbert, B. L.), unnumbered
publication, 1965. _

U.S. Bureau of Mines, Demonstrated Reserve Base of the United

States, by Sulfur Category on January 1, 1974, U.S. Bureau of Mines
Min. Ind. Surveys, 1975.

U.S. Bureau of Mines, Demongtrated Coal Reserve Base of the United

States on January 1, 1976, U.S. Bureau of Mines, Min. Ind. Surveys,
1977. :

U.S. Bureau of Mines, Minerals Yearbooks, Washington, U.S. Govern-
ment Printing: Office, 1932-1975.

U.S. Bureau of Mines, Projects to Expand Fuel Sources in Eastern
States — An Update of Information Cireular 8725, by Benson, D. C.,
and Doyle, J. J., 1978.



12

68. U.S. Bureau of Mines, Projects to Expand Energy Sources in the
Western States — An Update of Information Circular 8719, Rich,
C. H., Jdr., Information Circular 8772, 1978.

69. U.S. Bureau of Mines, Projects to Expand Fuel Sources in Western
States ~ Survey of Planned or Proposed Coal, 0il Shale, Tar Sands,
Uranium, and Geothermal Supply Expansion Projects, and Related
Infrastructure in States west of the Mississippi River (as of May,
1976), U.S. Bureau of Mines Inf. Circ. 8719, 1976.

70. U.S. Bureau of Mines, Strippable Reserves of Bituminous Coal and
Iignite in the United States, U.S. Bureau of Mines Inf. Circ. 8531,
1971.

71. U.S. Bureau of Mines, The Reserve Base of U.S. Coals by Sulfur
Content (im two parts), Pt. 1, The Eastern States, U.S. Bureau of
Mines Inf. Circ. 8680, 1975.

72. U.S. Bureau of Mines, The Reserve Base of U.S. Coals by Sulfur
Content (In two parts), Pt. 2, The Western States, U.S. Bureau of
Mines Inf. Circ. 8693, 1975. (Refer to item 22.)

73. U.S. Bureau of Mines, United States Energy Through the Year 2,000
(Revised), U.S. Bureau of Mines Spec. Pub. 8-75, by Dupree, W. G.,
Jr., and Corsentino, J. S., 1975.

74. U.S. Bureau of Mines, Weekly Coal Report 28950, Pittsburgh, March 29,
1974.

75. U.S. Department of Energy, Coal Data: A Reference, by Slatick,
E. R. [DOE/EIA—0064(80)%, Washington, D.C., 1980 (being revised,
July 1982).

76. U.S. Department of Energy, Energy Information Administration, Coal
Distribution January — December 1980, Energy Data Report [DOE/EIA-
0125(80/40)], 1981. (Also available for successive quarterly and
earlier years).

*77. U.S. Department of Energy, Energy Information Administration,
Demonstrated Reserve Base of Coal in the United States on January 1,
7980, [DOE/EIA-0280(80)], Washington, D.C., 1982.

78. U.S. Department of Energy, Energy Information Administration, Coal —
Pennsylvania Anthracite 1978, Energy Data Report [DOE/EIA-0119(78)],
1980 (Last issue — has now been included in 0118 below). (Also
available for 1976 and 1977 as annual reports under same catalog
number) .



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

13
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Wood, G. H. Jr., National Coal Resource Investigations of the
United States Geological Survey, Geological Survey, Washington,
D.C., 1977.

The coal resource investigations of the U.S. Geological Survey are
directed towards the mission of helping alleviate the energy crisis
by developing information immediately usable by the government,
industry, and the public. Individually and collectively, the
investigations are aimed at assessing the location, size, quantity,
and quality of the coal deposits of the nation so that the proper
coal can be mined at the most effective locality for the correct
usage. In support of this assessment some of the investigations
are directed to developing data on the origin of coal, the phenomena
and processes that controlled coal accumulation, and the chemical
and physical characteristics of regional and local coal deposits so
that the location and distribution of undiscovered deposits may be
predicted; to developing and maintaining a computerized data system
capable of assessing and updating estimates of the nation's coal
resources; and to developing the scientific ability to predict
geologically pertinent facts concerning coal with a minimum of
exploratory effort. The description of the Geological Survey's
coal resource investigations is presented in the context of the
underlying socio-economic problem of expanding the domestic pro-
duction of coal while maintaining acceptable environment standards.
A bibliography of individual projects, appropriate fiscal data and
an outline of procedures involved are included in appendices.

World Coal, World Coal Resources and Major Trade Routes, Miller
Freeman Publications, Inc., San Francisco, CA, 1976.

World Coal Mogazine, Miller Freeman Publications, Inc., Circulation
Dept., 500 Howard Street, San Francisco, CA, 94105.

World Energy Conference, The 1974 Survey of Energy Resources,
Engineers Joint Council, New York, NY, 1975.

Young, R. A., Stepko, G. Jr., Ownership and Land Use Constraints
Upon the Recoverability of Coals: 4 Methodology and Test Case,
Open File Report, West Virginia University, Morgantown, Department
of Geology and Geography, 1976.

This report considers the manner by which land use and land owner-
ship patterns may reduce the availability of coal reserves. The
applicability of various information sources for such a study is
examined, and a methodology is outlined in which land use, surface
ownership, and mineral ownership data may be collected and inter-
preted at the county level. A variable-scale grid mapping system
was devised to display the interrelationships between surface land
use, ownersnip, and the distribution of coal deposits. This
methodology was then used to analyze potential coal availability
within Monongalia County.
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Zimmerman, M. B., The Supply of Coal in the Long Run: The Case of
Eastern Deep Coal, Massachusetts Institute of Technology, Energy
Laboratory, Report No. MIT-FL 75-021, 1975.

Examination of costs and reserves of coal to determine mineral
reserves indicates that natural depletion, technological develop-
ments, and policy decisions must all be taken into account.
Previous analyses using only a demonstrated reserve base of seam
thickness do not give an accurate figure. Costs will be affected
by shifts to deep mining and Tow-sulfur coal mining for environ-
mental reasons. Technological developments in mining engineering,
processing, and stack cleaning will also affect costs. Other
factors will be user response in terms of demand and substitution
of other fuels, and rising labor costs. Rates of cost increases
will be determined by the Tength of time given for adjustment.

LZinder-Norris, Coal International, v. 2, no. 4, 39 p., 1980.
[Published monthly by Zinder-Norris, Inc., 1828 L. St., N.W.,
Washington, D.C. 20036.]
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Geological Survey of Alabama, Preliminary - Reserve Base of Bitwninous
Coal and Lignite in Alabama, U.S. Bureau of Mines Grant Agreement
G177080, later administered by U.S. Department of Energy, 1980.

Culbertson, W. C., "Geology and Coal Resources of the Coal-Bearing
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Jr., Sapp, C. D., Remote Sensing of Strippable Coal Reserves and
Mine Inventory in Part of the Warrior Coal Field in Alabama.
Geological Survey, University, Alabama, 1978.

Methods by which estimates of the remaining reserves of strippable
coal in Alabama could be made were developed. Information acquired
from NASA's Earth Resources Office was used to analyze and map
existing surface mines in a four-guadrangle area in west central
Alabama. Using this information and traditional methods for
mapping coal reserves, an estimate of remaining strippable reserves
was derived. Techniques for the computer analysis of remotely
sensed data and other types of available coal data were developed
to produce an estimate of strippable coal reserves for a second
four-quadrangle area. Both areas are in the Warrior coal field,
the most prolific and active of Alabama's coal fields. They were
chosen because of the amount and type of coal mining in the area,
their location relative to urban areas, and amount and availability
of base data necessary for this type of study.

McCalley, H., Report on the Warrior Coal Basin, Geological Survey
of Alabama, University, Alabama, 1979.

The Warrior Coal Basin is the southwest end of the visible coal
measures of the Warrior coal field. The basin is made up of shales,
sandstones, conglomerates, and stone coals. The shales and sand-
stones are from the great bulk of the strata. The coals are from

2 to 5 regular seams in each of 6 groups. The groups are the Black
Creek, Horse Creek, Pratt, Cubb, Gwin, and Brookwood. The Horse
Creek and the Pratt are the principal groups. The coal seams range
in thickness from a few inches to some 16 feet. Most of the coal
can be mined with ease and cheapness. The coals, though all
bituminous, are of variocus kinds.
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Murrie, G. W., Ciamond, W. P., Lambert, S. W., Geology of the Mary
Lee Group of Coalbeds, Black Warrior Coal Basin, Alabama, U.S.
Bureau of Mines Rept. Investigations 8189.

Rothrock, H. E., Geology and Coal Resources of the Northeast Part
of the Coosa Coal Field, St. Clair County, Alabama, Geological
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Self, D. M., Lignite Resources of the Alabama-Tombighee Eivers
Region, Alabama. Consolidated Coal Co., Meridian, Mississippi,
CONF-7606131, Proceedings Gulf Coast Lignite Conference: Geology,
Utilization, and Environmental Aspects. Report of Investigations
No. 90, Kaiser, W. R. (Ed.), pp. 59-65, Austin, Texas, June 2,
1976.

The Tignite resources of the Alabama-Tombigbee Rivers region of
southwest Alabama exceed 4.7 billion short tons. Near-surface
deposits having economic potential occur in the Oak Hill member of
the Naheola formation and the Upper unnamed member of the Tuscahoma
formation. Demonstrated reserves in the near-surface amount to
approximately 562 million short tons. The near-surface lignite in
the Oak Hill member generally occurs as a single tabular bed which
ranges from 1 to 14 ft in thickness. Moisture and sulfur content
are high; however, ash content is low, and the calorific value may
exceed 11,200 Btu/1b on a moisture-free basis.

The lignite of the Tuscahoma formation occurs in from one to six
beds and is generally inferior to the Oak Hill Tignite. The ash
content is very high, and the calorific value is correspondingly
low. Deep-basin deposits occur in the Midway and Wilcox groups;
however, only the Midway lignites appear to have economic potential.
Demonstrated and inferred resources in deep-basin deposits total
over 4.1 billion short tons. The lignite of the Midway group
occurs in one to three beds which are apparently equivalent to

the near-surface lignite of the Oak Hill member.

Shotts, R. Q., Riey, H. L., Coal Resources of the Fabius-Flat Rock

Area, Jackson County, Alabama. Bureau of Mines, Washington, D.C.,
BM-IC-8295, 1966.

A study was made of the coal resources of an area in Jackson County,
Alabama, forming a part of the Flat Rock, Henegar, and Stevenson
quadrangles. The area studied is a portion of the Plateau coal-
field on Sand Mountain and is near the Tennessee Valley Authority's
Widows Creek Steamplant. Since no detailed geological study of
this area had been published, some reconnaissance work was done.
The coalbeds and adjacent strata such as sandstones, conglomeratic
sandstones, and conglomerates were studied. Available drill logs,
together with the areal geology, provided sufficient information

to permit correlations of the coalbeds and an estimation of coal
reserves. For all categories of reserves, computed on a regional



11.

12.

13.

14.

18

basis, a total of 72,920,000 tons of coal more than 14 inches thick
is estimated for the areas studied in the Stevenson, Flat Rock, and
Henegar quadrangles. Of this tonnage, 40,0001,000 tons is estimated
to have Tess than 60 feet of overburden. The total measured coal
reserves for the above three quadrangles are 16,359,000 tons, with
12,471,000 tons under less than 60 feet of cover.

Shotts, R. Q., Some Problems of Estimating Strippable Coal Reserves
of Alabama, Jour. Alabama Acd. Sci., v. 42, no. 2, April 1971.

Shotts, R. Q., Unpublished calculations on lignite resources in
Alabama, Department of Mining Engineering, University of Alabama,
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State of Alabama, Coal Reserves of Alabama, NP-23737, State Capital,
Montgomery, Alabama, Southern Railway System, Washington, D.C.,
1972.

This is the sixth of a series of reports prepared to portray the
coal fields served by the Southern Railway system and its short-
1ine connections. The previous reports presented data on Kentucky,
ITlinois, Indiana, Virginia, and Tennessee. Estimates of the coal
reserves present in the various areas are based upon the latest
available computations made for each area by governmental and
private agencies. The figures have been estimated as of 1964 with
newer data reflecting estimates made in 1969. The estimates have
been made for recoverable coal reserves in each seam by county and
coal field for Alabama. The seams included are those which can
reasonably be considered as mineable and recoverable within the
area served by Southern Railway system. The figures reported are
recoverable tons based on the average thickness of the coal seam
in each area. The recoverability of coal in mining is perhaps the
largest single factor influencing the magnitude of reserves. In
this report, it has been assumed that only 50 percent of the coal
in the ground will be recovered by conventional mining methods.

Toenges, A. L., Turnbull, L. A., Jolley, T. R., Shields, J. J.,
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Report gives results of the Bureau's diamond drilling in the Coosa
Field, with descriptions of reserves, chemical properties of coals,
and geology of area.
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Exploration work by Bureau of Mines in Alaska has added 2,375,500
tons of coal, of which 1,656,700 tons are recoverable, to reserves
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drilling may disclose further workable deposits. Newly charted

coal is high-volatile bituminous and is suitable for domestic and
commercial uses.
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1. Andrews, D. A., Hendrick, T. A., Huddle. J. W., "The Coal Fields of
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California, Idaho, Nevada, and Oregon Coals, Technical Paper 696.
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Little coal has been mined in California for 30 years, though the
estimated resources of 90.7 million metric tons [Averitt, 1975,

p. 43 (listed under "General Sources")] has caused a resurgence of
interest in its potential during the energy crisis of the 1970s.

The occurrence of coal has been reported in 43 of the 58 counties

of California; the major coal-bearing areas are shown in Figure 1.
Generally, coal beds are of Cretaceous to Pliocene and Pleistocene
age and range in thickness from less than 1 meter (m) to about 7 m.
The rank of coal ranges from lignite to high-volatile B bituminous
coal. Thirty-five references concerning coal deposits in California
are annotated in this bibliography. These reports are considered

to be the most comprehensive of more than 130 references available
on coal deposits in California. Current (1978) stratigraphic
information has been added to the text in brackets where appropriate.
Reports on coal published prior to 1922 were listed in a bibliography
compiled by Boalich (1922) — and some of these reports are annotated
in the present bibliography.

4, Jennings, C. W., "Coal," Mineral Commodities of California, Bulletin
176. California Division of Mines, 1957, pp. 153-164.

5. Karp, S. E., "California Coal," Compass, v. 26, no. 4, 1949,
p. 341-344.

6. Landis, E. R., "Coal," Mineral Resources of California, Bulletin 191.
California Division of Mines and Geology, 1966, pp. 134-139.



26

COLORADO

1. Barnes, H., Baltz, E. H., Hayes, P. T., Geology and Fuel Resources
of the Red Mesa Area, LaPlata and Montezuma Counties, Colorado,
U.S. Geological Survey 0i1 and Gas Investigation Map OM 149, 1954,

2. Barnes, H., Geology of the Ignacio Area, Ignacio and Pagosa Springs
Quadrangles, LaPlata and Archuleta Counties, Colorado, U.S.
Geological Survey 0i1 and Gas Investigation Map OM 138, 1953.

3. Bass, N. W., Eby, J. B., and Campbell, M. R., Geology and Mineral
Fuels of Parts of Routt and Moffat Counties, Colorado, U.S. Geo-
logical Survey Bulletin, 1027-D, p. 143-250.

4. Berge Exploration, Inc., Coal Ownership Maps, Yampa-Danforth Hills
Area, Northwest Colorado, Berge Exploration, Inc., Denver, Colorado,
1976.

5. Boreck, D. L., Murray, D. K., Colorado Coal Reserves Depletion Data
and Coal Mine Summaries, Final Report, Colorado Geological Survey,
Denver, USGS-0FR-79-1, 1979,

Coal mining began in Colorado in the early 1860's. Since then, the
1667 mines located by the authors have produced a total of 598,824,876
short tons of coal to January 1, 1977. This activity has depleted
the reserve base of Colorado by 1,160,752,484 short tons. Most of
the coal produced to date has been mined from beds ranging from 4 to
10 ft in thickness. Using original reserve base estimates calculated
by the U.S. Department of Energy (Matson, 1979), 6.67 percent of

the State's demonstrated coal reserve base has been produced or

lost in the process of mining. This leaves 93.33 percent of the
original reserve base intact. Estimates of the remaining demon-
strated coal reserve base for each coal-bearing region are given.
During the two-year period, 1977-1978, the main producing region,
the Green River, produced 15,405,488 short tons, or 58.62 percent

of total two-year statewide production of 26,279,491 tons. This
high figure is the result of large surface mining operations in the
area. Coal has been produced from all of the coal-bearing regions
in Colorado. This report is an attempt to determine how much coal
has been mined or otherwise rendered unavailable to mining and from
what coal zones this production has been obtained. The data
presented are preliminary in nature; however, this report does
represent a concise summary of certain aspects of the coal mining
history of Colorado. The authors hope that this project will

result in more efficient future development and production of coal
in this state.
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Brand, K. E., and Eakins, W., Coal Resources of the Denver East

32 X 1° Quadrangle, Colorado, Colorado Geological Survey Resource
Series 13, 1980.

Collins, B. A., Coal Deposits of the Carbondale, Grand Hogback, and
Southern Danforth Hills Coal Fields, Easternm Piceance Basin, Colorado,
Quarterly of the Colorado School of Mines, 71:1, January, 1976, 138 p.
Golden, Co.

Colorado Geological Survey, Colorado Land Status Map, Colorado
Geological Map MS-13, Scale 1:500,000, 1979.

Colorado Land Use Commission, Selected Energy Resources and Pipelines,
Colorado, 1974, Colorado Land Use Commission Map, scale 1:500,000,
1974.

Dawson, C., Murray, D. K., Colorado Coal Divectory and Source Book,
Colorado Geological Survey Resources Series No. 3, 1978.

Coal statistics, coal mines, coal development, leasing, taxation,
transportation, utilization, sales, preparation, equipment man-
ufacturers, companies, consultants, and selected Tist of references.

Donnell, J. R., Geology and Coal Resources of the Carbondale area,
Garfield, Pitkin, and Gunnison Counties, Colorado, U.S. Geological
Survey open-file report.

Fender, H. B., Jones, D. C., Murray, D. K., Bibliography and Index
of Publications Relating to Coal in Colorado, 1972-1977, Colorado
Geological Survey Bulletin 41, 1978, 54 pp.

Fender, H. B., Murray, D. K., Data Accumulation on the Methane
Potential of the Coal Beds of Colorado, Final Report, Colorado
Geological Survey Open-File Report 78-2, 1978, 25 pp.

Goolsby, S. M., Reade, N. B. S., Murray, D. K., Evaluation of
Coking Coals in Colorado, Resource Series 7, Colorado Geological
Survey, Denver, DOE/TIC-111112, 1979, 152 pp.

Certain coals from the State of Colorado have long served as a
major component for the manufacture of coke. However, decision-
makers both in private industry and in all levels of government
have been hampered by the lack of comprehensive and detailed state-
wide coking-coal resource evaluation. To alleviate this problem a
two-year project was initiated to evaluate the resources of coking
coal in Colorado. Based on a precedent set by workers in the U.S.
Bureau of Mines and Department of Energy, a classification system
was established to evaluate coking-coal resources in Colorado. This
classification system uses coal ash and sulfur content and ASTM
rank designations to categorize coal resources as being either
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premium (0-1.0% S, 0-8.0% ash), marginal (1.1-1.8% S, 8.0-12.0%
ash), or latent (1.9-3.0% S, 12.1-15.0% ash) grade coking coal.
Using this classification system, coal regions were selected as
areas containing potential coking-coal reserves. Identified original,
in-place, coking-coal reserve estimates then were made utilizing

the proposed coking-coal classification system, coal resource
evaluation maps, and published coal reserve estimates. In Colorado,
the Raton Mesa region contains 2.05 billion short tons, the San
Juan River region 1.78 billion short tons, and one Uinta region

0.45 billion short tons of identified coaking-coal reserves. The
total identified original in-place coaking-coal reserves for the
state of Colorado are estimated at 4.3 billion short tons.

Harbour, R. L., Dixon, G. H., Coal Resources of Trinidad-Aguilar
Area, Las Animas and Huerfano Counties, Colorado, U.S. Geological
Survey Bulletin 1072-G, 1959.

Holt, R. D., Bibliography, Coal Resources in Colorado, Colorado
Geological Survey Bulletin 34-A, 1972.

Holt, R. D., Coal Resources in Colorado, Colorado Geological Survey
Bulletin, 34-B, 1982.

Hornbaker, A. L., Holt, R. D., 1972 Summar% of Coal Resources in
Colorado, Special Publication 3, Colorado Geological Survey, 1973,

15 pp.

Johnson, R. B., Stevens, J. G., Coal Resources of the LaVeta Area,
Huerfano County, Colorado, U.S. Geological Survey Coal Investigation
Map C 20, 1954.

Johnson, R. B., Geology and Coal Resources of the Walsewnburg Area,
Huerfano County, Colorado, U.S. Geological Survey Bulletin 1042-0,
1958.

Johnson, R. B., Coal Resources of the Trinided Coal Field in Huerfano
and Las Animas Counties, Colorado, U.S. Geological Survey Bulletin
1112-E, 1961.

Jones, D. C., Coal Mines and Coal Fields of Colorado, Colorado
Geological Survey Inf. Ser. 1, 1976.

Jones, D. C., Murray, D. K., Coal Mines of Colorade, Statistical
Data, Colorado Geological Survey Information Series 2, 1976.

Jones, D. C., Shultz, J. E., Murray, D. K., Coal Resources and
Development Map of Colorado, Colorado Geological Survey Map MS-9,
scale 1:500,000, 1978.

Coal-bearing areas by depth, quality, and classification; estimates
of original and remaining resources; active, abandoned, and proposed
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surface and underground mines; production figures for individual
major mines; current and proposed utility plants, coal treatment
plants and coal conversion plants.

Kirkham, R. M., Ladwig, L. R., Coal Resources of the Denver and
Cheyenne Basins, Colorado, Resource Series 5, Colorado Geological
Survey, Denver, Colorado, 1979.

The Denver and Cheyenne basins are major coal- and Tignite-bearing
regions in Colorado. About 36% of the area within Colorado that is
underlain by coal at a depth of less than 8000 ft (900 m) is within
these two basins. Subbituminous coal and Tignite occur in the
Upper Cretaceous Laramie formation and lignite occurs in the Upper
Cretaceous — Paleocene Denver formation. A total of 130,196,330
tons of coal and lignite have been mined from these two formations
in the Denver and Cheyenne basins; about 20 to 25 billion tons of
Laramie formation coal and 10 to 15 billion tons of Denver formation
lignite remain in place in the study area. This report presents a
part of the first-year findings from a 2.5-year study of the
environmental impacts of energy-resource development in the area.

A primary goal of the investigation is to develop a thorough under-
standing of the various environmental impacts that may result from
energy resource development. Another goal is to identify areas
underlain by valuable energy resource deposits, both fossil fuel
and uranium, that need to be protected from alternate land uses
that may prohibit or inhibit future resource development. Detailed
geological information is provided on 5 plates in this packet.
Plate 1 contains data on the Laramie formation coal, Denver and
Cheyenne basins; Plate 2, Denver formation lignite, Denver Basin;
Plate 3, Watkins area, Adams and Apapahoe counties; Plate 4,
Station Creek area, Elbert County:; and Plate 5, cross sections of
the Denver formation lignite beds, Denver Basin.

Landis, E. R., Cone, G. C., Coal Reserves of Colorado Tabulated by
Bed, Open-File Report, U.S. Geological Survey, 1971.

Landis, E. R., Coal Resources of Colorado, U.S. Geological Survey
Bulletin 1072-C, 1959.

Morse, J. G., Hebb, D. H., Coal, Colorado Energy Research Institute,
v. 1, Colorado School of Mines, 1976. 52 pp.

Mullan, J. W., Coal and Methane Gas in the Southeastern Part of the
Piceance Creek Basin, Colorado, Colorado Geological Survey, Denver,
Exploration Frontiers of the Central and Southern Rockies, pp. 379-405,
Symposium Program RMAG Fall Field Conference, Snowmass, CO,

29 September 1977.

The southeastern part of the Laramide Piceance Creek Basin is one
of the most important coal-producing areas in the western U.S.
This also 1s a region of accelerated exploration for natural gas.
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The upper Cretaceous Mesaverde Group contains the major coal beds
and gas-bearing sandstones found in this part of Colorado; these
strata are part of a sequence of marine, transitional, non-marine
sediments. These complex rock units are of possible Deltaic and/or
Coastal Plain origin and represent east-west oscillations of the
late Cretaceous Seaway. Numerous tertiary intrusive bodies and
relatad structural complexities characterize the eastern part of
the area investigated. Adnormally high heat flow resulting from
this plutonic activity has raised the rank of much of the coal that
occurs here. As a consequence, the region contains large resources
of premium-grade coking coal, much of it existing under deep cover
(greater than 1,000 ft) and often high in methane gas content.

Most of the area's production consists of coking coal from under-
ground mines. Several new mines of large capacity are in the
planning or opening stages, which could result in an increase in
the region's production of both coking and steam coal by a factor
of two or three by 13980-1982. The large results of lower rank
(high-volatile C bituminous) steam coal in the area offer an
excellent potential for blending with high rank coals to form the
metallurgical coke. The region contains large resources of methane
gas that should be commercially producible from both relatively
"tight" sandstone reservoirs and from fractured coal beds by
employing advanced technology now in the field demonstration stage.
Work to date reveals that multiple, thick (20-50 ft) coal beds
occur in the basin at depths exceeding 3,000-7,000 ft. This deep
energy resource possibly could be exploited by the in-situ gasifi-
cation of coal beds, whereby low-Btu gas is produced through
boreholes.

Murray, D. K., Energy Resource Development Map of Colorado, Colorado
Geological Survey Map MS-6, scale 1:500,000, 1976.

Coal-bearing areas, coal leasing areas, oil and gas fields, uranium
and geothermal areas, and existing and proposed coal mines and
power plants.

Murray, D. K., Swmnary of Coal Resources in Colorado, 1979, Colorado
Geological Survey Spec. Pub. 13, 1980, 24 pp.

Coal analyses, rank, coking properties, current and projected
future production, market areas, transportation, utilization,
ownership of coal lands, taxation, and import-export statistics.
Supersedes Spec. Pubs. 3 and 9.

Rich, C. H., Jr., Speltz, C. N., Lignite and High-Alumina Clay in
the Denver Basin, Colorado, U.S. Bureau of Mines Unpublished
Report, 1976.
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Schultz, J. E., Colorado Coal Analyses, 1976, Colorado Geological
Survey Inf. Ser. 10, 1980. '

Shomaker, J. W., Beaumont, E. C., Kottlowski, F. E., Strippable
Low-Sulfur Coal Resources of the San Juan Bagin in New Mexico and

Colorado, New Mexico Bureau of Mines and Mineral Resources Memoir 25,
1971.

Shomaker, J. W., Holt, R. D., Coal Resources of Southern Ute and Ute
Mountain, Ute Indian Reservations, Colorado and New Mexico, New
Mexico State Bureau of Mines and Mineral Resources Circular 134, 1973.

Speltz, C. N., "Coal Resources of the Piceance Creek Basin, Colorado,"”
Bureau of Mines, Energy Resources of the Piceance Creek Basin,
Colorado, Murray, D. K. (Ed.), pp. 235-238, 25, Field Conference of
the Rocky Mountain Association of Geologists, 1974.

Speltz, C. N., Strippable Coal Resources of Colorado, Location,
Tonnage, and Characteristics of Coal and Overburden, Information
Circular, 1976, Bureau of Mines, Denver, Colorado.

Toenges, A. L., Turnbull, L. A., Davis, J. D., Reynolds, D. A,

Parks, B. C., Cooper, H. M., Abernethy, R. F., Coal Deposit, Coal
Creek District Gumnison County, Colorado: Reserves, Coking Properties,
and Petrographic and Chemical Characteristice, Bulletin 501, U.S.
Bureau of Mines, Pittsburgh, Pennsylvania, 1952, 83 pp.

Toenges, A. L., Turnbull, L. A., Davis, J. D., Reynolds, D. A.,
Investigation of Coal Deposits in the Coal Creek District, Gunnison

County, Colorado. 'Progress Report 1. U.S. Bureau of Mines, Washington,
D.C., BM-RI-4104, 1947, 20 pp.

By diamond-drilling 18 holes on coal deposits in the Coal Creek
district, Gunnison County, Colorado, the Bureau discovered 3 minable
coal beds varying in thickness from 3 feet 9 inches to 14 feet

10 inches. A preliminary estimate of reserves indicated 65,000,000
tons of coking coal and 35,000,000 tons of noncoking coal; a total
of 100,000,000 tons of coal, of which 70 to 80 percent was con-
sidered recoverable. Carbonizing tests made by the Bureau disclosed
that cokes from these coal beds were of metallurgical grade.

U.S. Bureau of Mines, Strippable Reserves of Bituminous Coal and
Lignite in the United States. U.S. Bureau of Mines Information
Circular 8531, 1971.

Wood, G. H., Jr., Johnson, R. B., Dixon, G. H., Geology and Coal
Resources of the Gulnare, Cuchara Pass, and Stonewall Arvea, Huerfano
and Las Animas Counties, Colorado, U.S. Geological Survey Coal
Investigation Map C 26, 1956.
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Wood, G. H., Jr., Johnson, R. B., Eargle, D. H., Duffner, R. T.,
Major, H., Geology and Coal Resources of the Stonewall-Tercio Area,

Las Animas County, Colorado, U.S. Geological Survey Coal Investigation
Map C 4, 1951.

Wood, G. H., Jr., Johnson, R. B., Dixon, G. H., Geology and Coal

Resources of the Starkville-Weston Area, Las Animas County, Colorado,
U.S. Geological Survey, Bulletin 1051, 1957.

lapp, A. D., Geology and Coal Resources of the Durango Area,

LaPlata and Montezuma Counties, Colorado, U.S. Geology Survey 01l
and Gas Investigation Map 109, 1949.
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FLORIDA

1. Davis, J. H., Jdr., The Peat Deposits of Florida, Florida
Geological Survey Bull. 30, 1946.



34

GEORGIA

1. Butts, C., Gildersleeve, B., Section on coal in Geology and Mineral

Resources of the Paleosoic Area in Northwest Georgia, Georgia
Geological Survey Bulletin 54, 1948,

2. Georgia Department of Natural Resources, Surface Mined Land Reclama-
tion Program Report, 1978.

3. Johnsen, V. H., Coal Deposits on Sand and Lookout Mountains, Dade
and Walker Counties, Georgia, Coal Investigations Map. U.S.
Geological Survey, 1946.

4. McCallie, S. W., 4 Preliminary Report on the Coal Deposits of
Georgia, Bulletin 12. Geological Survey of Georgia, 1904.

5. Sullivan, J. W., The Geology of the Sand-Lookout Mountain Area,
Northwest Georgia, Information Circular 15, Georgia Division of
Mines, Mining and Geclogy, 1942.
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1. Kiilsgaard, T. H., "Coal," Mineral and Water Resources of Idaho,
Special Report 1. Idaho Bureau of Mines and Geology, 1964,
pp. 58-66. :

2. Kiilsgaard, T. H., The Geology and Coal of the Horseshore Creek
District, Teton County, Idaho, ldaho Bureau of Mines and Geology,
Pamphlet 92, 1951.

3. Mansfield, G. R., Coal in Eastern Idaho, Bulletin 716-F. U.S.
Geological Survey, 1921, pp. 123-153.

4. Mapel, W. J., Hail, W. Jd., JIr., Tertiary Geology of the Goose Creek
Distriet, Cassia County, Idaho, Box Elder County, Utah, and Elko
County, Nevada, Bulletin 1055-H, U.S. Geological Survey, 1959,
pp. 217-254.

5. Schultz, A. R., 4 Geologic Reconnaissance for FPhosphate and Coal in
Southeastern Idaho and Western Wyoming, Bulletin 680, U.S.
Geological Survey, 1918.

6. U.S. Geological Survey, Idaho Bureau of:Mines and Geology, Idaho
Department of Reclamation. Mineral and Water Resources of Idaho,
Special Report 1, Idaho Bureau of Mines and Geology, 1964.

7. Woodruff, E. G., The Horseshoe Creek District of the Teton Basin
Coal Field, Fremont County, Idaho, Bulletin 541-1. U.S. Geological
Survey, 1914, pp. 379-388.
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ILLINOIS

10.

11.

Allgaier, G. J., Hopkins, M. E., Reserves of the Herrin (No. 6) Coal
in the Fairfield Basin in Southeastern Illinois, I1linois State
Geological Survey Circular 489, 1975.

Bhagwat, S., Collias, T. J., The Future Competitive Position of Coal

From the Illinois Basin, I11inois State Geological Survey Mineral
Note 81, 1981.

Cady, G. H., Mineable Coal Resources of Illinois, 111inois State
Geological Survey Bulletin 78, 1952.

Clegg, K. E., Surface Geology and Coal Resources of the Pennsylvanian
System in Clark and Edgar Counties, Illinois, [1linois State
Geological Survey Circular 380, 1965.

Clegg, K. E., Surface Geology and Coal Resources of the Pennsylvanian
System, Sangamon, Macon, Menard, and Parts of Christian and Logan
Counties, I11linois State Geological Survey Circular 312, 1361, 28 pp.

Helt, W. C., Coal Resources Available for Power Generation, 111inois
Coal, I11inois University, Chicago. Energy Resources Center,

pp. 17-35, Annual I11inois Energy Conference, Chicago, I1linois,
September 16, 1976, CONF-7609132.

The recoverable reserves of coal are of the order of 8% of the
total remaining resources. Natural geological conditions, as well
as disturbances of the strata from previous mining operations, may
combine to make unmineable coal seams that otherwise might be con-
sidered as potential reserves. Electric utility coal consumers
are concerned about reliable supplies of coal at a minimum satis-
factory heating value and sulfur content. Government involvement
has caused uncertainties relative to the development of coal
mining operations. Lack of coal development could have serious
adverse impact on the future supply of coal.

Hopkins, M. E., Coal Mines in Illinois, Map. Illinois State
Geological Survey, 1975,

Hopkins, M. E., "Pennsylvanian System," in Handbook of Illinois
Stratigraphy, I111inois Geological Survey Bull. 95, 1975, p. 163-201.

Hopkins, M. E., Harrisburg (No. &) Coal Reserves of Southeastern
Illinois, 111inois State Geological Survey Circular 431, 1968.

Hopkins, M. E., Simon, J. A., Coal Resources of Illinois, I1linois
Geological Survey Mineral Note 53, 1974, 24 pp.

I11inois State Geological Survey. Coal Mines and Coal Fields of
Illinois, Map. I11inois State Geological Survey, 1916.
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Jacobson, R. J., and Bengal, L. E., Strippable Coal Resources of
Illinois, Part 7, Vermilion and Edgar Counties, I11inois State
Geological Survey Circular 521, 1981.

Lesher, C. E., Coal Producing Districts and Fields (Illinois), Map
U.S. Geological Survey, 1917.

Mathotra, R., Simon, J. A., Illinois Coal: Development Potential,
IT1inois Min. Note 65, I11inois State Geological Survey, Urbana,
I11inois, 1976.

In examining the position of I11inois coal reserves and the future
coal supply that may be needed from I11inois mines by 1985, the
I17inois State Geological Survey mentions the slow progress in the
development of synthetic fuels from coal as one factor that has
Timited the growth of I11inois coal resources. However, with

ERDA's recent announcments of funding for Coalcon's 22 million
cf/day demonstration plant to be constructed in New Athens, I11inois
by 1980 and approval of planning funds for the I1linois coal gasifica-
tion group's 18 million cf/day plant in Perry County, the impact

of synthetic fuel production on I11inois coal should be significant
before 1985. Looking at overall U.S. coal needs, the ISGS predicts
that 102 million tons per year will be needed from I11linois mines

by 1985.

McIntosh, W. L., Eister, M. F., Geological Mup Index of Illinois,
U.S. Geological Survey, 1977.

Nance, R. B. and Treworgy, C. G., Strippable Coal Resources of
Illinote, Part 8, Central and Southeastern Counties, I11inois State
Geological Survey, Circular 515, 1981, 32 pp.

Phelps, E. R., Faets and Mythe in Respect to the Controversy between
Underground and Surface Mining in Illinois and the United States,
I11inois Coal, I11inois University, Chicago, Energy Resources Center,
pp. 36-40, September 16, 1976, CONF-7609132.

I11inois has the largest coal reserves of any state east of the
Mississippi River, 161 billion tons, about seven-eighths of it
accessible only by deep mining and one-eighth accessible only by
surface mining. Illinois, however, is not as far down the road in
the development of this resource as its sister states operating
from a lesser base. It is fourth in coal production. Its industry
mines about 60 million tons a year or 10% of the national production
and trails West Virginia, Kentucky, and Pennsylvania. The industry
obtains its tonnage from 57 mines, 21 underground and 36 surface.
The underground mines average more than 1.5 million tons each for a
total of 32 million, and the surface operations average about 800
thousand tons each, for a total production of 28 million. These
figures indicate that I11inois differs from the national norm. Of
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the 640 million tons produced countrywide, 290 million (45%) came
from underground operations and 350 million (55%) from surface
mines, an almost exact proportionate reversal of the I1linois
figures. But I11inois does illustrate the trend east of the
Mississippi. The big increase in surface mining production is
coming and will come from the Rocky Mountain western regions.

Reinersten, D. L., Strippable Coal Reserves of Illinois, Part 4,
Adams, Brown, Calhoun, Hancock, McDonough, Pike, Schuyler, and the
southern parts of Henderson and Warren Counties, 111inois State
Geological Survey Circular 374, 1964.

Rieber, M., Soo, S. L., Stukel, J., Reserve and Resource Estimation,
Appendix D, Final Report, Il1linois University, Urbana, Center for
Advanced Computation, CAC-163-APP-D, May 1975, 72 pp.

Briefly discussed are I11inois and Wyoming coal reserves, avail-
ability of public land for coal mining, National Environmental
Policy Act, Clean Air Act, and Federal Water Pollution Control Act.

Searight, T. K., Smith, W. H., Strippable Coal Reserves of Illinois,
Part 5B. Mercer, Rock Island, Warren, and Parts of Henderson and
Henry Counties, Circular 439, I11inois State Geological Survey,
Urbana, I11inois, 1969.

Smith, W. H., Berggren, D. J., Strippable Coal Reserves of Illinois,
Part 5A. Fulton, Hewnry, Knowx, Peoria, Stark, Tazewell, and Parts
of Bureau, Marshall, Mercer, and Warren Counties, Circular 348,
I111inois State Geological Survey, Urbana, I1linois, 1963.

Smith, W. H., Strippable Coal Reserves of Illinots, Part 6. Lasalle,
Livingston, Grundy, Kankakee, Will, Putnam, and Parts of Bureau and
Marshall Counties, Circular 419, Illinois State Geological Survey,
Urbana, I1linois, 1968.

Smith, W. H., Strippable Coal Reserves of Illinois, Part 1, Gallatin,
Hardin, Johnson, Pipe, Saline, and Williamson Counties, 111inois
State Geological Survey Circular 228.

Smith, W. H., Strippable Coal Reserves of Illinois. Part 2, Jackson,
Monroe, Perry, Randolph, and St. Clair Counties. 111inois State
Geological Survey Circular 269, 1958, 35 pp.

Smith, W. H., Strippable Coal Reserves of Illinois, Part 3. Madison,
Macoupin, Jersey, Greene, Scott, Morgan, and Cass Counties, l11inois
State Geological Survey Circular 311, 1961, 40 pp.

Smith, W. H., Stall, J. B., Coal and Water Resources for Coal Con-~
version in Illinois, 111inois State Geological Survey Cooperative
Resources Report 4, 1975, 79 pp., 3 plates.



27.

28.

39

Thomas, J., Jr., Damberger, H. H., Internal Surface Area, Moisture
Content, and Porosity of Illinois Coals: Variations with Coal
Rank, Circular 493. Illinois State Geological Survey, 1976.

Treworgy, C. G., Bengal, L. E., Dingwell, A. G., Reserves and
Resources of Surface-Minable Coal in Illinois, Circular 504, 111inois
State Geological Survey, Urbana, I1linois, 1978.

Surface mining accounts for nearly 50 percent of recent coal pro-
duction in I11inois. In previous publications, the I1linois State
Geological Survey reported that over 20 billion tons of coal in
I1Tinois were potentially strippablie; however, current economical

and environmental issues associated with surface mining have created
a need for estimates of the amount of strippable coal that can be
recovered economically under present conditions. In estimating
strippable reserves, the criteria used were (1) reliability of data,
(2) overburden and coal thicknesses, (3) the size of the block of
coal, and (4) proximity to man-made and natural obstacles. On the
basis of the criteria, I11inois was determined to have 6 billion

tons of surface-minable coal in the ground. This reserve is made up
of 185 blocks of 6 million tons or more. The amounts of strippable
reserves are large in western I11inois and especially in southwestern
and southern I111inois, which are more attractive for surface mining
because land costs are Tower, the heating value of the coal is
higher, and the tonnage recoverable per acre is greater. The south-
western and southern I11inois deposits are and will continue to be
the major sources of surface-mined coal in the state; however,

in view of current rates of production, the remaining reserves in
this area are relatively small, and opportunities for new acquisitions
and long-term development are Timited. Only 38% of the strippable
reserves mapped exceed 4 feet in thickness, and most of those reserves
have overburden in excess of 50 feet.
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about 1:380,000, 1977.
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PCM 15.

3. Powell, R. L., Coal Strip-Mined Land in Indiana, Indiana Geological
Survey Special Report 6, 1972.

4. Spencer, F. D., Coal Resources of Indiana, U.S. Geological Survey,
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5. Wier, C. E., Coal Resources of Indiana, Bulletin 42-I. Indiana
Geological Survey, 1973.



41

Garvin, P. L., Van Eck, 0. J., Strippable Coal Reserve Study In
Selected Iowa Counties, lowa Geological Survey, U.S. Bureau of
Mines, Grant No. G0254008, 1975.

Garvin, P. L., Van Eck, 0. J., Strippable Coal Reserve Study in
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Mining has been on the decline until recently, though Iowa coal
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Coal in Maryland occurs in 5 elongate structural basins or synclines
in Garrett and Western Allegany counties. These basins are:
Georges Creek Basin, Upper Potomac Basin, Castleman Basin, Lower
Youghiogheny and Upper Youghiogheny Basins. The total recoverable
coal reserves for eastern Maryland are 854,000,000 tons from seams
over 27 inches in thickness. An estimated 100 million tons could
be recovered by surface mining methods. At the present yearly rate
of mining, this total recoverable reserve of coal would last for
about 342 years, and if mined at a rate equal to that during the
peak production year of 1907, it would last for 150 years. Four
kinds of conversion that should be evaluated to process coal from
Western Maryland are: wutility (low Btu) gas, synthetic natural
(high Btu) gas, substitute liquid hydrocarbons, and solvent refined
coal.
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New estimates of Missouri's coal resources show total coal resources
of 49 billion tons. Of this total, 12.3 billion tons is classed as
a remaining reserve and 3.7 billion tons is a strippable reserve.
Missouri possesses ample coal to support an expanded coal mining
industry, according to new estimates. The immediate primary use of
Missouri coal will continue to be for firing mine-mouth steam-
electric power plants. Eventually, a more important use may be
conversion to other fuels, including pipeline gas, solvent-refined
coal, low-Btu gas, and liquid petroleum substitutes. Remaining
reserves are classified according to sulfur content. Data indicate
that no significant areas of low-sulfur coal are present in Missouri.
Approximately half of the state's coal reserve contains from 4 to

5 percent S, and one-fourth has from 3 to 4 percent S. Less than
one-tenth contains less than 3 percent S and the remainder more

than 5 percent.
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1. Arnold, E. C., and others, New Mexico's Energy Resources, '75,
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Coal production in New Mexico increased rapidly from about 1880 to
a peak of just over 4 million tons per year during World War I, then
fell to a Tow of just over 116 thousand tons in 1958. Since then,
production has increased very rapidly to a new high in 1973 of 9.3
million tons. Developments now in the planning stage would require
nearly 75 million tons per year by 1983, and these plus other
developments now being discussed could require production of as
much as 110 million tons per year by that time. New Mexico's

coal, nearly all of subbituminous or bituminous rank, is concen-
trated in the San Juan Basin and in the Raton Basin, with a number
of smaller coal areas scattered over the state. The total coal
resource within the state has been estimated at 282,877 million tons.
0f that total only some 6000 million tons — just over 2% — are
thought to be surface-minable now or in the near future. There are
presently four major mines which are described. It would appear
from preliminary work that surface-mined lands can be reclaimed
successfully in New Mexico. Nearly all of the lands in the major
strippable areas are of very low value at present; for example,

the carrying capacity of the entire E1 Paso Natural Gas Co. lease,
which will support two major gasification projects, has been esti-
mated to be 735 sheep. Environmental matters are being considered
extensively, and New Mexico's coal surface mining commission so far
seems to be an efficient and even-handed agency for overseeing mine
development. Unless additional surface mining is barred by federal
environmental legislation, New Mexico's coal industry will become a
major energy source for the southwestern United States, using only
a tiny percentage of the state's total coal resource.
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The Southern Tennessee coal field comprises some 14,000 square miles
of the Cumberland Plateau physiographic province and includes all

or parts of 11 counties. The coal measures belong to the lower
Pennsylvanian system. The largest coal potential Ties with the
Richland and Sewanee seams, which are contained in the Whitwell
shale. The methods of obtaining coal reserves data in this report
are adaptations of those used by the Tennessee Division of Geology,
U.S. Bureau of Mines, and U.S. Geological Survey. This study differs
from previous coal reserve estimates in that emphasis is placed on
recoverable underground reserves as well as strippable reserves.
Conservative premises were used throughout this study so that the
resulting reserve figures may be considered as the minimum known
recoverable coal reserves. Therefore, the total known recoverable
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reserves of coal in the Whitwell shale in southern Tennessee as of
January 1, 1979, are 377,385,000 tons based on the above criteria
considered with recovery factors of 50% for underground mining and

80% for strip mining. The Sewanee seam contains the largest part of
these reserves, totaling 312,665,000 tons. The largest reserves in
any southern Tennessee county are in Sequatchie County with 86,580,000
tons. The reserves in this area are ample for the future, and are
much larger than previously estimated.
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The area covered in this report is a 200-square-kilometer area
located along the southern margins of the Kaiparowits Plateau. The
extensive outcrops and a data base of more than 200 drillholes com-
pleted on a 400-meter spacing grid provide the major data used to
complete the information presented in this article. Outcrop mapping
and tracing of individual units along the outcrops provided a good
understanding of the lateral continuity of the coal-~bearing units
and allowed greater confidence in correlating from drillhole to
drillhole than would have been realized if only drillhole data were
available. Close-spaced drilling has delineated the presence of
six major coal seams that Tocally are subdivided by rock splits into
as many as eleven minable seams. Isopach maps of the coal seams

and rock intervals between seams and paleochannel maps have been
prepared for all units within the 75-meter-thick coal zone to show
the value of a knowledge of depositional environments and dif-
ferential compaction in predicting the location of minable coal
seams and areas of suitable mining conditions. Paleochannel sand-
stones that overlie coal seams may significantly affect the mining
that occurs in the coal seams. Differential compaction in sediments
that Taterally interfinger with paleochannel sandstones may result
in unstable roof conditions and cause the development of rolls and
compactional thinning of coal seams. Mining activities may be
hampered by sporadic influxes of water from the roof in areas where
perched water tables in paleochannel sandstones are disrupted by
mining.
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Field in south central Wyoming. Of these strippable resources, 46% or
309.97 million tons lie between 0 to 100 feet of cover while the
other 54% or 364.34 million tons lie between 100 to 200 feet of
cover. The remaining strippable reserve base, or that part of the
strippable resources from which strippable reserves are derived, is
reduced to 648.29 million tons (96% of strippable resources).
Forty-six percent or 297.12 million tons of the reserve base occur
under less than 100 feet of cover while the remaining 351.17 million
tons occur under thicker cover (100 to 200 feet thick). Although
strippable reserves per se (recoverable reserves) were not estimated,
a fair approximation is that strippable reserves equal at least

80% of the reserve base between 0 to 100 feet deep or 237.7 million
tons. Although some percentage of the reserve base between 100

to 200 feet deep is also recoverable, the percentage is harder to
estimate. Applying the same rule of thumb that strippable reserves
may equal 80% of that tonnage as well, another 280.94 million tons

of reserves is identified for a total of 518.64 million tons of
strippable reserves in the Hanna Coal Field. A more conservative
appraisal of strippable reserves in the 100 to 200 feet depth range
is half the reserve base or 175.59 million tons, thus reducing the
remaining reserves to 413.29 million tons. With the exception of
9.44 million tons of strippable bituminous resources in the 0 to

100 feet overburden category and another 6.65 million tons in the

100 to 200 feet overburden category, all the strippable resources

and strippable reserve base in the Hanna Coal Field are of sub-
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State of Wyoming (5 percent). Wyoming has retained mineral rights
under at least three million acres of the 4.2 million acres of state
land. Of these three million acres, 1.3 million acres are underlain
by coal, with about 1.2 million acres under Tease. Most state lands
are limited to one or two isolated sections per township. Large,
continuous blocks of state coal land are common only in Johnson,
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Sheridan and, to a lesser degree, Converse counties. The quantity
and quality of coal resources beneath state land is very poorly
defined. Similarly, detailed resource information, including
quantity and quality, is lacking for all but one or two of the
state coal Teases. Two recent resource estimates suggest that the
total coal resources underlying state-owned coal Tand may be on the
order of 32 to 58 billion tons, with 13 to 16 billion tons of that
recoverable by surface and/or underground mining techniques.
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million acres, 1.3 million acres are underlain by coal with about
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lesser degree, Converse counties. The quantity and quality of coal
resources beneath state land is very poorly defined. Similarly,
detailed resource information, including quantity and quality, is
lacking for all but one or two of the state coal leases. Two
recent resource estimates suggest that the total coal resources
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are reported as royalties. Over the past 5 years, royalty collec-
tions, including advance royalties, have fluctuated from $3300 in
1971 to $250,132.69 in 1973.

Glass, G. B., "Update on the Powder River Coal Basin," in Geology
and Enerqy Resouvces of the Powder River, Laudon, R. B., Curry,
W. H. III, Runge, J. S. (eds.), Annual Field Conference of the
Wyoming Geological Association Casper, WY, September 1976,

pp. 209-220. ' :

Although coals are reported in the upper cretaceous Mesaverde and
Lance formations, the thickest and most important coals are Timited
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to the Paleocene Fort Union Formation and the Eocene Wasatch
Formation. Since Berrynill et al.'s (1950) original resource
estimates, the U.S. Geological Survey has estimated that another
500 billion tons of undiscovered resources underlie the Powder
River Basin. These hypothetical and speculative resources, however,
will soon move into the identified category.

Glass, G. B., "Wyoming Coal Deposits," in Geology of Rocky Mountain
Coal, Murray, D. K. (ed.), Golden, CO, 26 April 1976, CONF-7604140,
1977, pp. 73-84,

Glass, G. B., Wyoming Coal Fields, 1978, Public Information Circular
No. 9, NP-24078, The Geological Survey of Wyoming, Laramie, WY,
1978.

When an estimate of the resources of the previously ommitted 53.46%
of the state's coal-bearing land is added to the mapped and explored
estimate, the U.S. Geological Survey estimates that Wyoming's
original resources under less than 3000 ft of overburden will
increase to 836,891,430,000 tons. Wyoming's original resource
figure becomes 936,891,430,000 tons when the overburden category is
extended to 6000 ft [Averitt, 1975 (listed under "General Sources")].
In the 0 to 6000 ft overburden category, Wyoming has the largest
in-place coal resources in the nation. Estimates of Wyoming's
original in-place coal resources by major coal-bearing region and

by county are given in tables. The original resources in these
tables include mapped and explored bituminous coals 14 in. or
greater in thickness and subbituminous coals 2.5 ft and thicker.
Measured, indicated, and inferred categories are combined; over-
burden limits for these figures are 0 to 3000 ft. Coal production
is reported by county. Wyoming's known strippable reserve base of
subbituminous coal is shown in Table 9. This strippable reserve
base is limited to a few mapped and explored areas and is only a
small portion of Wyoming's potentially strippable coal, which could
easily total ten times the known reserve base.

Glass, G. B., Wyoming Coal Production and Summary of Coal Contracts,
The Geological Survey of Wyoming Public Inf. Circ. 12, 1980.

Grazis, S. L., Geologic Map and Coal Resources of the Gap SW
Quadrangle, Campbell County, Wyoming, U.S. Geological Survey Coal
Investigations Map C-78, 1977.

Grazis, S. L., Geologic Map and Coal Resources of the Saddle Horse
Butte Quadrangle, Campbell County, Wyoming, U.S. Geological Survey
Coal Investigations Map C-79, 1977.

Grazis, S. L., Geologic Map and Coal Resources of the Scraper
Reservoir Quadvangle, Campbell County, Wyoming, U.S. Geological
Survey Coal Investigations Map C-77, 1977.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

91

Grazis, S. L., Geologiec Map and Coal Resources of the Pleasantdale
Quadrangle, Campbell County, Wyoming, U.S. Geological Survey Coal
Investigations Map C-76, 1977.

Haddock, D. R., Kent, B. H., Bohor, B. F., Geological Map and Co
Sections of the Croton Quadrangle, Campbell County, Wyoming, U. S
Geological Survey Miscellaneous Field Studies Map MF-826, 1976.

Kent, B. H., Haddock, D. R., Bohor, B. F., Geologic Map and Coul
Sections of the Truman Draw Quadrangle, Campbell County, Wyoming,
U.S. Geological Survey Miscellaneous Field Studies Map MF-917,
1977.

Mapel, W. J., Dean, B. W., Tr@liminaﬁJ Geologic Map and Coal Sections,
Ulm Quadrangle, Sheridan County, Wyoming, U.S. Geological Survey
Miscellaneous F1e1d Studies Map MF-731, 1976.

Mapel, W. J., Malahy, M. D., Geologic Map and Coal Sections of the
Buffalo Run Creek Quadrangle, Sheridan County, Wyoming, U.S.
Geological Survey Miscellaneous Field Studies Map MF-792, 1976.

Mapel, W. J., Dean, B. W., Geologic Map and Coal Sectionsg of the
Verona Quadrangle, Sheridan County, Wyoming, U.S. Geological Survey
Miscellaneous Field Studies Map MF-762, 1976.

Mapel, W. J. G@OZOQZC Map and Coal Sections of the Bar N Draw
Quadrangle, Myomzng and Montana, U.S. Geological Survey Miscellaneous
Field Studies Map MF-763, 1976.

Mapel, W. J., Geology and Coal Rescurces of the Buffalo — Lake De Smet
Area, Johnson and Shevidan Counties, Wyoming, U.S. Geological Survey
Bulletin 1078, 1959.

Martin, G. C., Coal Development Map of the Little Thunder Reservoir
Quadrangle, Campbell County, Wyoming, Open-File Report 77-58, U.S.
Geological Survey, 1977. :

Masursky, H., Uranium-Bearing Coal in the Eastern Part of the Red
Desert Area, Wyoming, U.S. Geological Survey Bulletin 1099-B, 1962.

Olive, W. W., The Spotted Horse Coalfield, Sheridan and Campbell
Counties, Wyoming, U.S. Geological Survey Bulletin No. 1050, 1957,
83 pp.

Osterwald, F. W., and others, Mineral Resources of Wyoming, Bulletin
50, Wyoming Geological Survey, 1959.

Parsons, F. W., "The Coal Mining Situation in Northern Wyoming,"
Engineering and Mining Journal, Vol. 84, 1907, pp. 930-935.
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Pipiringos, G. N., Uranium-Bearing Coal in the Central Part of the
Great Divide Basin, U.S. Geological Survey Bulletin No. 1099-A,
1961.

Shown, L. M., Land Use Map of the Gillette Arvea, Wyoming, 1970,
Geologic Investigations Map 848-A, U.S. Geological Survey, 1973.

Smith, J. B., Ayler, M. F., Knox, C. C., Pollard, B. C., Strippable
Coal Reserves of Wyoming: Location, tonnage, and characteristics

of coal and overburden, U.S. Bureau of Mines, Washington, DC,
BM-1C-8538, 1972.

Coal resource data from published sources and company files were
used by the Bureau of Mines to determine the location and extent of
strippable coal reserves in Wyoming. Total strippable reserves of
23 billion tons were estimated in seven major coal areas. Seven
large strip mining operations were active in 1969. Cutoffs used

to define strippable reserves were (1) minimum coalbed thicknesses of
5 feet; (2) overburden-to-coal ratios of less than 10 cubic yards of
overburden per ton of coal, and (3) total overburden thicknesses of
less than 120 feet, except where reserves occur in multiple beds

or a single thick bed. Tertiary rocks along margins of the Powder
River Basin contain most of the strippable coal reserves in Wyoming.
The Wyodak beds ranging in combined thickness from 30 to 130 feet,
drop out on the east flank of the basin and contain an estimated

19 billion tons of strippable subbituminous C-rank coals under less
than 200 feet of overburden. Partings between these beds total less
than 60 feet. The 100- to 200-foot-thick Healy bed on the western
flank of the basin and the 35-foot-thick School and 20-foot-thick
Badger beds on the south also contain large, strippahle reserves.
Elsewhere in Wyoming, strippable deposits are subbituminous coal of
late Cretaceous and tertiary ages, mostly in the Hanna and Great
Divide Basins in the South-Central portion of the state and in the
Kemmerer-Hamms Fork Region in the southwestern corner.

U.S. Geological Survey. Land and Coal Ownership in the Gillette Area,
Wyoming, Miscellaneous Geologic Investigations Map 848-B, U.S.
Geological Survey, 1973.

Waring, J., Preliminary Coal Kesource Occurrence Map of the Wyodak
Bed in the Gap SW Quadrangle, Campbell County, Wyoming, Map, U.S.
Geological Survey, 1976.

Wegemann, C., Howell, R. W., Dobbin, C. E., The Pumpkin Buttes Coal
Field, Wyoming, Bulletin 806-A, U.S. Geological Survey, 1929,
pp. 1-14.
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